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Abstract 
The studying of thermal transfer reduction through the model house by using a nearby constructed wetland 
which was set at Khamphaeng Saen, Nakhon Pathom, Thailand. A model house with 3 x 3 x 2.5 m of width x length 
x ceiling height was established with constructed wetland at west and south of the model house. Differential 
temperature between inside and outside of the model house was hourly collected by using thermocouple. The sewage 
which was produced from this house passed through constructed wetland system and sewage treatment efficiency was 
analyzed. The influent and effluent quality was analyzed at condition of vegetation/non-vegetation in constructed 
wetland with hydraulic retention time (HRT) of 2 and 4 days. The result showed that, the hottest direction and time 
was west and south at 4 pm. Vegetation in constructed wetland resulted to significant thermal transfer reduction 
which was 3 times compared with non-vegetation at west. The wastewater treatment efficiency was increased with 
vegetation constructed wetland and expanding of HRT. 
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1. Introduction 
Nowadays, residential construction was targeted for convenience energy-saving and eco-
friendly. Air conditioner was the basic need for housing in tropical region which is the most proportion 
(about 40%) of household electric power consumption [1]. Reduction of air conditioning usage can be 
done by architectural design, selection of walls/windows material and the roof system which can prevent 
heat transfer into the buildings [2]. In addition, the landscape planning, building orientation design for air 
ventilation or reducing heat from solar radiation by extend eaves or using sunscreen slats/lath [3,4], Shade 
garden [5] which commonly used today. Shade tree offer significant benefits in reducing air conditioning 
demand by reduction of direct heat to building. Other vegetation also reduces indirect heat to the building 
[5]. There are some wastewater treatment systems that use plant as phytoremediation such as overland 
flow, plant filtration and constructed wetland. This wastewater treatment system suit for domestic 
wastewater and vegetation near building also reduce heat. Domestic wastewater was produced 200 
litre/person approximately by daily consumption. However, average water usage of urban area was higher 
than rural area. Due to Thailand’s regulation requirement, each house has to install wastewater treatment 
unit which cost 500 USD/household approximately (with 4 persons per family in average). The 
constructed wetland is the one of low-cost and natural method wastewater treatment process which could 
provide ability for treating wastewater in household size and also gave a beautiful landscape [6]. 
According to recently work found that the overall temperature can be decreased by vegetation in 
constructed wetland about 2 oC. Planting the constructed wetland in high ambient temperature area could 
reduce the heat transfer to the residential area and has a potential to treating household wastewater. In this 
study, constructed wetland was used as purpose which mentioned above. Constructed wetland was 
installed at west and south of the model house and varying hydraulic retention time at 2 and 4 days. The 
domestic wastewater treating efficiency and thermal transfer reduction performance by constructed 
wetland were investigated. 
2. Material and Methods 
2.1 Synthetic wastewater and feeding system 
 Synthetic wastewater contained Biochemical Oxygen Demand (BOD5) of 170 mg/l, Total 
Suspended Solid (TSS) of 100 mg/l and 50 mg/l of Total Kjeldahl Nitrogen (TKN) were prepared by mix 
tapioca flour and urea with nearby water source (canal water). Synthetic wastewater was kept in 2 m3 
storage tank and connected with a 0.5 HP pump as in the fig 1. Flow rate was adjusted to 6.25 and 12.5 
l/day as HRT 2 and 4 days. 
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Fig. 1. Constructed wetland system 
 
2.2 Constructed wetland installation 
 Constructed wetland system was built by using square steel tubes as external structure with the 
dimensions of 2.0 m length, 0.5 m width and 0.7 m height. Inner wall was covered with 100 micron 
HDPE plastic sheet. Wetland media was 40 mm of crushed rock at 0.5 m height. The 1 month age of 
Canna indica L. (1 m height in average) was planted with the density of 20 plants/m2. The experiment 
was set up at Kasetsart University, Khamphaeng Saen Campus, Nakhon Pathom, Thailand (14.023473N, 
99.974945E).  
 
2.3 Model house 
Fig. 2. Model house and constructed wetland schematic  
Fig 2 displayed the model house with the size of 9 m2 (3 x 3 m). The height of the ceiling was 
2.5 m, the distance from ceiling to roof ridge was 1 m and long frieze of 50 cm.  Model house was raised 
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above the ground surface for 50 cm. The wall was covered with 9 mm thick of single layer gypsum 
boards and the floor was covered with 16 mm thick plywood. The 0.70 m width and 1.2 m height of 
louvers windows were installed at each direction of the model house.  
2.4 Wastewater quality analysis 
 Influent and effluent samples of constructed wetland system were collected every 2 days in each 
set of an experiment. The wastewater parameters such as the Total Suspended Solid (TSS), Biochemical 
Oxygen Demand (BOD5), Total Kjeldahl Nitrogen (TKN) and phosphate were analysed according to 
APHA standard methods for water and wastewater examination (2005) [7]. 
 
2.5 Statistical analysis 
All statistical analysis was performed using SPSS 16.0 by SPSS Inc. In all cases, significance 
level was defined by P<0.05. Test for significant difference in all conditions were analysed using a One-
way ANOVA with a Duncan’s Multiple Range Test (DMRT). 
 
Results and discussions 
3.1 Heat transfer reduction by constructed wetland 
The average temperature profiles around the model house were shown in fig 3.  The roof of the 
model house showed the highest temperature (44.40 oC) at 3.30 p.m. inside model house, the temperature 
profile of west and south showed the highest temperature at 4 p.m. which were 38.07 and 35.50 oC. 
Therefore, constructed wetland will be placed at west and south of the model house as the proper 
direction. 
 
 
 
 
 
 
 
 Fig. 3. 24-hour temperature profiles of model house, north (           ), east (          ),  
west (         ), and south (        ) 
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Table 1. Temperature difference between inside and outside of the model house with varied condition of constructed wetland 
operation. 
Conditions 
Temperature difference 
(outside – inside) (oC) 
West South 
Non-vegetation 1.21a 0.66a 
Vegetation, West 3.55b 0.67a 
Vegetation, South 1.55a 2.03b 
Vegetation, West and South 3.65b 2.29b 
 
From table 1, the model house with non-vegetation constructed wetland showed the lowest 
temperature difference between inside and outside of the model house (1.21 and 0.66 oC for west and 
south side of model house). The temperature difference of model house with western vegetation 
constructed wetland had increasing significantly (from 1.21 to 3.55 oC). Similar to the temperature 
difference at south of the model house were also increasing significantly via western side constructed 
wetland (from 0.66 to 2.03 oC). The combination of west and south constructed wetland gave the highest 
temperature difference (from 1.21 to 3.65 oC for west and 0.66 to 2.29 for south). The result showed that 
the constructed wetland could reduce the heat transfer from the environment to the model house which 
gave 0.66-3.65 oC in temperature difference. Shade tree gave 1.0-3.0 oC heat reduction in metropolitan 
area in USA, climate region [5]. 
3.2 Wastewater treatment efficiency 
3.2.1 Total suspended solid (TSS) removal  
 
  
  
 
 
 
 
Fig. 4. TSS concentrations of constructed wetland effluent (2 days HRT (□), 4 days HRT (■)). 
Fig 4 illustrated the TSS concentration of the wastewater after treating by constructed wetland. 
The initial TSS concentration was 106 mg/l. After treating by constructed wetland with Canna indica L, 
TSS was reduced to 35.4 and 19.7 mg/l for 2 and 4 days HRT respectively. (66.7% and 81.5% of TSS 
removal efficiency). For the constructed wetland without Canna indica L., TSS was reduced to 62.3 and 
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49.8 mg/l for 2 and 4 days HRT respectively (41.5 and 53.2 % of TSS removal efficiency). The 
constructed wetlands with Canna indica L. had significantly higher in TSS removal efficiency than non-
vegetation. S. Lee et al. also shared similar results. TSS removal efficiency had increasing proportional to 
the HRT [9]. Increase of HRT resulted to better TSS removal efficiency even for non-vegetation 
constructed wetland. However, vegetation could significantly promote TSS removal efficiency.  
3.2.2 Biochemical oxygen demand (BOD5) removal 
Fig 5 illustrated the comparison of influent and effluent BOD5 by constructed wetland in 2 
different HRT (2 and 4 days).  
Constructed wetland could reduce BOD5 by evapotranspiration and plant photosynthesis [8]. The 
efficiency of BOD5 removal was 52.0 % and 73.4 % at HRT of 2 and 4 days. Constructed wetland 
without Canna indica L. could remove BOD5 only 20 – 35% of influent BOD5. Constructed wetland with 
Canna indica L. gave higher BOD5 removal efficiency than non-vegetation constructed wetland 
significantly. S. Lee et al. and Mustafa et al. reported that constructed wetland could remove BOD5 with 
the large scale system and more than 2 days of HRT [9, 10]. For this research, Half of BOD5 was 
removed within 4 days HRT.  
 
 
 
 
 
 
 
 
Fig. 5. BOD5 concentrations of constructed wetland effluent (2 days HRT (□), 4 days HRT (■)). 
3.2.3 Total Kjeldahl Nitrogen (TKN) removal 
Fig 6 displayed the comparisons of TKN concentrations in treated wastewater by constructed 
wetland with vegetation and non-vegetation for 2 and 4 day of HRT.  
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Fig. 6. TKN concentrations of effluent (2 day HRT (□), 4 day HRT (■)). 
As mentioned above, the vegetation constructed wetland gave the higher trace element removal 
efficiency than none-vegetation constructed wetland due to addition of plant activity. Constructed wetland 
with Canna indica L. could remove TKN for 45.3% for 2 days HRT and 69.6% for 4 days HRT. This 
experiment showed the similar result to G. Deblina and B. Gobal, TKN removal efficiency had increasing 
by expanding HRT. The constructed wetland system could remove TKN up to 84% with 4 days HRT 
[11]. The constructed wetland technique was capable to remove TKN due to volatilization, plant and 
bacterial nitrogen assimilation [12]. 
3.2.4 Phosphate removal  
 Fig 7 showed phosphate concentration after treatment with constructed wetland in the varied 
condition. 
 
 
Fig. 7. Phosphate concentrations of constructed wetland effluent (2 days HRT (□), 4 days HRT (■)). 
From fig 7, phosphate concentration of influent was 21.7 mg/l and reduced by constructed 
wetland process. The constructed wetland with Canna indica L. and 4 days HRT gave the highest 
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phosphate removal efficiency (77.7%). Phosphate could be normally removed during the constructed 
wetland process by plant, bacteria uptake, adsorption at media and sedimentation [13]. 
3.2.5 Overall constructed wetland performances 
Fig 8 displayed the removal efficiency of various contaminants in all experimental conditions. 
 
 
 
 
 
 
 
 
Fig. 8. Contaminant removal efficiency of 4 constructed wetland conditions (TSS (□), BOD (■), TKN (■) and Phosphate (■)). 
From Fig 8, vegetation constructed wetland with 4 days HRT achieved the highest removal 
efficiency in various experimental conditions which could remove up to 81.52%, 77.67%, 73.37% and 
63.64% of TSS, BOD5, TKN and phosphate respectively. Using of vegetation constructed wetland was 
provided better efficiency than non-vegetation constructed wetland.  
According to the domestic wastewater discharge allowance from Thailand ministry of natural 
resource and environment, only TSS and TKN concentration of vegetation constructed wetlands with 4 
days HRT were met the discharge standard. However, extending the HRT would proficient to escalating 
the contaminant removal efficiency especially for BOD5 and phosphate which currently in further study. 
Conclusion 
 This research proved that constructed wetland was capable to reduce heat transfer from outside 
to inside building with 3 oC approximately. This could save energy consumption by reducing overall heat 
transfer from environment and also had a capability to remove TSS, BOD, TKN and phosphate from 
domestic wastewater which was produce from the same source. The wastewater treatment efficiency was 
increasing proportional to the extending of HRT. Vegetation in constructed wetland gave the positive 
effect on nitrogen and phosphate removal as the essential nutrient. Constructed wetland gave the better in 
heat transfer reducing performance, save the energy consumption cost and provided the architectural 
aesthetics. 
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